SI-2
tert-Butyl ((1R)-2-bromo-1-cyclopropyl-2-nitroethyl)carbamate (20) 
Control Experiment:
In an effort to temper the CsOH•H 2 O and prevent bromonitromethane decomposition, CsOH•H 2 O was pretreated in the same manner described previously with the exclusion of the catalyst. CsOH•H 2 O, toluene, and nitroethane were combined and stirred at -78 °C °C . The mixture was then evacuated under high vacuum at -78 °C °C to remove toluene and nitroethane. The resulting semi-solid was warmed to -50 °C °C and added to α-amido sulfone 1, toluene, and N-benzylquininium chloride. Upon addition of bromonitromethane, no exotherm was observed. The reaction was stirred for 96 hours resulting in 19% yield and 81/77% ee. It was concluded that the pretreated base was minimally reactive and the absence of nitroethane resulted in lower enantioselectivity.
Experimental Section
All reagents and solvents were commercial grade and purified prior to use when necessary. Toluene was dried by passage through a column of activated alumina as described by Grubbs.
1 Catalyst N-benzylquininium chloride 2 is commercially available and was used as received. N-Boc-α-Amido sulfones were prepared following literature procedure.
2 N-Iodosuccinimide was recrystallized from dioxane and carbon tetrachloride. All organic solutions were dried over MgSO 4 . Thin layer chromatography (TLC) was performed using glassbacked silica gel (250 μm) plates and flash chromatography utilized 230-400 mesh silica gel from Sorbent Technologies. UV light, and/or the use of ninhydrin were used to visualize products.
Nuclear magnetic resonance spectra (NMR) were acquired on a Bruker AV II-600 (600 MHz) instrument. Chemical shifts are measured relative to residual solvent peaks as an internal standard set to δ 7.26 and δ 77.0 (CDCl 3 ). IR spectra were recorded on a Thermo Nicolet IR100 spectrophotometer and are reported in wavenumbers (cm -1 ). Compounds were analyzed as neat films on a NaCl plate (transmission). Mass spectra were recorded on a Waters LCT spectrometer by use of the ionization method noted.
Determination of Absolute Configuration
α-Bromonitroalkane 12 was debrominated with SnCl 2 •2H 2 O to afford the known nitromethane adduct.
3
Comparison of HPLC traces determined that the absolute configuration of the chiral center was R.
General procedure for preparation of N-Boc α-amidosulfones: According to literature procedure, 2 to a round bottomed flask equipped with a stir bar was added tert-butyl carbamate (1 equiv.), p-toluenesulfinic acid sodium salt (2 equiv.), MeOH and water. The corresponding aldehyde (1.5 equiv.) was then added, followed by formic acid (2 equiv.). The mixture was stirred for 96 h at room temperature. The resulting precipitate was filtered and washed with water and hexanes to afford the desired α-amidosulfone without further purification. 153.3, 144.8, 133.5, 129.6, 129.5, 80.6, 68.9, 39.3, 30.6, 29.4, 27.9, 21.6 153.8, 144.8, 133.9, 129.6, 129.3, 80.6, 70.8, 31.8, 29.5, 29.4, 29.3, 29.0, 27.9, 27.6, 26.4, 25.3, 22.6, 21.6, 14 153.7, 144.7, 133.9, 129.6, 129.3, 80.6, 69.0, 33.9, 33.8, 33.3, 31.7, 27.9, 26.2, 26.1, 25.8, 21.6 145.0, 133.7, 129.7, 129.3, 81.6, 80.8, 70.0, 69.8, 27.9, 25.9, 21.6, 15.0 153.7, 144.8, 134.0, 133.9, 129.6, 129.3, 126.1, 80.6, 70.2, 27.9, 26.4, 22.8, 21.6, 20.5, 14 General procedure for bromonitromethane additions: To a flame dried vial equipped with a stir bar was added N-benzyl quininium chloride 2 (10.8 mg, 24.0 µmol), N-Boc α-amidosulfone (200 µmol), toluene (0.6 mL), nitroethane (143 µL, 2.00 mmol), and bromonitromethane (22 µL, 300 µmol) and the reaction was cooled to -50 °C . CsOH•OH (40 mg, 260 µmol) was added and the reaction was stirred for 96 h. The mixture was quenched with 1 M HCl and extracted with dichloromethane. The organic phase was washed with 1 M HCl, dried and concentrated. The resulting solid was purified by flash column chromatography.
tert-Butyl ((2R)-1-bromo-1-nitro-4-phenylbutan-2-yl)carbamate (4)
. Prepared according to the general procedure using tert-butyl (3-phenyl-1-tosylpropyl)carbamate (77.8 mg, 200 µmol). Flash column chromatography (SiO 2 , 2.5-7.5-15% ethyl acetate in hexanes) yielded the α-bromo nitroalkane (1:1 dr ( 1 H NMR)) as a white solid (44 mg, 59%). The diastereomers were determined to be 96 and 96% ee by chiral HPLC analysis (Chiralcel OD-H, 3% i PrOH/hexanes, 1 mL/min, t r (d 1 e 1 , major) = 16.8 min, t r (d 1 e 2 , minor) = 18.5 min, t r (d 2 e 1 , major) = 21.3 min, 154.8, 140.0, 139.9, 128.68, 128.66, 128.3(2), 126.48, 126.45, 83.9, 82.7, 80.9, 80.8, 54.5, 54.0, 32.8, 32.1, 32.03, 31.96, 28.21, 28.17 9, 154.8, 84.3, 83.6, 80.7, 80.6, 53.3, 52.7, 39.7, 39.0, 28.19, 28.16, 24.8(2) tert-Butyl ((2R)-1-bromo-3-methyl-1-nitrobutan-2-yl)carbamate (9). Prepared according to the general procedure using tert-butyl (2-methyl-1-tosylpropyl)carbamate (62.6 mg, 200 µmol). Flash column chromatography (SiO 2 , 2.5-7.5-15% ethyl acetate in hexanes) yielded the α-bromo nitroalkane (1:1 dr ( 1 H NMR)) as a white solid (27 mg, 44%). The diastereomers were determined to be 72 and 75% ee by chiral HPLC analysis (Chiralpak IA, 3% i PrOH/hexanes, 0.8 mL/min, t r (d 1 e 1 , major) = 11.4 min, t r (d 2 e 1 , major) = 12.2 min, t r (d 1 e 2 , minor) = 17.2 min, 5, 80.4, 59.6, 59.3, 31.9, 30.3, 28.2, 28.1, 19.8, 19.3, 18.7, 18 tert-Butyl ((1R)-2-bromo-1-cyclohexyl-2-nitroethyl)carbamate (10). Prepared according to the general procedure using tert-butyl (cyclohexyl(tosyl)methyl)carbamate (70.6 mg, 200 µmol). Flash column chromatography (SiO 2 , 2.5-7.5-15% ethyl acetate in hexanes) yielded the α-bromo nitroalkane (1:1 dr ( 1 H NMR)) as a white solid (19 mg, 36%). The diastereomers were determined to be 86 and 87% ee by chiral HPLC analysis (Chiralpak IC, 3% EtOH/hexanes, 1.0 mL/min, t r (d 1 e 1 , major) = 6.1 min, t r (d 1 e 2 , minor) = 6.8 min, t r (d 2 e 1 , major) = 8.1 min, t r (d 2 e 2 , minor) = 11.6 min); R f = 0. 155.5, 155.0, 85.1, 80.5, 80.3, 80.1, 58.58, 58.55, 40.9, 39.8, 30.1, 29.4, 28.8, 28.6, 28.2, 28.1, 25.8, 25.7, 25.62, 25.58, 25.54, 25.49 ((2R)-1-bromo-1-nitrohexan-2-yl)carbamate (11) . Prepared according to the general procedure using tert-butyl (1-tosylpentyl)carbamate (68.2 mg, 200 µmol). Flash column chromatography (SiO 2 , 2.5-7.5-15% ethyl acetate in hexanes) yielded the α-bromo nitroalkane (1:1 dr ( 1 H NMR)) as a white solid (35 mg, 54%). The enantiopurity was measured from the corresponding debrominated nitroalkane and determined to be 94% ee by chiral HPLC analysis 4 (Chiralpak AD, 10% i PrOH/hexanes, 0.8 mL/min, t r (e 1 , major) = 7.7 min, t r (e 2 , minor) = 8. 154.9, 84.3, 83.1, 80.8, 80.6, 54.9, 54.4, 30.9, 30.0, 28.22, 28.19, 27.9, 27.8, 22.2, 22.1, 13.80, 13.79 
tert-Butyl

tert-Butyl ((2R)-1-bromo-1-nitropentan-2-yl)carbamate (12)
. Prepared according to the general procedure using tert-butyl (1-tosylbutyl)carbamate (65.4 mg, 200 µmol). Flash column chromatography (SiO 2 , 2.5-7.5-15% ethyl acetate in hexanes) yielded the α-bromo nitroalkane (1:1 dr ( 1 H NMR)) as a white solid (34 mg, 55%). The enantiopurity was measured from the corresponding debrominated nitroalkane and determined to be 87% ee by chiral HPLC analysis (Chiralpak AD, 10%
i PrOH /hexanes, 0.8 mL/min, t r (e 1 , major) = 7.7 min, t r (e 2 , minor) = 8.6 min); R f = 0.52 (20% EtOAc/hexanes); IR (film) 3328, 2968, 2933, 1698, 1566 cm 
tert-Butyl ((2R)-1-bromo-1-nitrododecan-2-yl)carbamate (13).
Prepared according to the general procedure using tert-butyl (1-tosylundecyl)carbamate (85.2 mg, 200 µmol). Flash column chromatography (SiO 2 , 2.5-7.5-15% ethyl acetate in hexanes) yielded the α-bromo nitroalkane (1:1 dr ( 1 H NMR)) as a white solid (41 mg, 51%). The diastereomers were determined to be 91 and 91% ee by chiral HPLC analysis. Recrystallization of 1.41 g from an ethanol/water mixture afforded 412 mg (29% recovery). The crystals were determined to be 99 and 98% ee by chiral HPLC analysis (Chiralpak AD-H, 3%
i PrOH/hexanes, 1.0 mL/min, t r (d 1 e 1 , minor) = 8.3 min, t r (d 1 e 2 , major) = 9.3 min, 155.0, 154.9, 84.3, 83.1, 80.7, 80.6, 54.9, 54.4, 31.9, 31.2, 30.3, 29.7, 29.5(2) , 29.43(2), 29.36, 29.31(2), 29.26(2), 29.1, 29.02, 28.97, 28.21, 28.18, 25.8, 25.7, 22.7(2) 
tert-Butyl ((2R)-1-bromo-3-cyclohexyl-1-nitropropan-2-yl)carbamate (14)
. Prepared according to the general procedure using tert-butyl (2-cyclohexyl-1-tosylethyl)carbamate (76.4 mg, 200 µmol). Flash column chromatography (SiO 2 , 2.5-7.5-15% ethyl acetate in hexanes) yielded the α-bromo nitroalkane (1:1 dr ( 1 H NMR)) as a white solid (39 mg, 53%). The enantiopurity was measured from the corresponding debrominated nitroalkane and determined to be 96% ee by chiral HPLC analysis (Chiralpak AD, 10%
i PrOH/hexanes, 0.8 mL/min, t r (e 1 , minor) = 8.5 min, t r (e 2 , major) = 9.2 min); R f = 0.50 (20% EtOAc/hexanes); IR ( 9, 154.8, 84.4, 83.7, 80.7, 80.6, 52.6, 52.0, 38.4, 37.7, 34.0, 33.8, 33.5, 33.3, 33.2, 32.6, 32.3, 32.1, 28.2, 28.1, 26.2, 26.12, 26.08, 25.8 154.79, 154.75, 83.3(2), 81.9, 81.7, 81.0, 80.9, 70.2, 70.1, 54.2, 53.9, 29.7, 28.8, 28.2(2) 
tert-Butyl ((2R)-1-bromo-1-nitro-3-phenylpropan-2-yl)carbamate (16).
Prepared according to the general procedure using tert-butyl (2-phenyl-1-tosylethyl)carbamate (75.0 mg, 200 µmol). Flash column chromatography (SiO 2 , 2.5-7.5-15% ethyl acetate in hexanes) yielded the α-bromo nitroalkane (1:1 dr ( 1 H NMR)) as a white solid (20 mg, 28%). The enantiopurity was measured from the corresponding debrominated nitroalkane and determined to be 86% ee by chiral HPLC analysis (Chiralpak AD, 10% EtOH/hexanes, 0.8 mL/min, t r (e 1 , major) = 10.8 min, t r (e 2 , minor) = 12. 7, 154.6, 135.4, 135.2, 129.2, 129.1, 129.0, 128.9, 127.5, 127.4, 84.2, 80.1, 80.94, 80.87, 80.7, 56.0, 55.8, 38.2, 36.5, 28 
tert-Butyl ((2R)-1-bromo-1-nitrohex-5-en-2-yl)carbamate (17)
. Prepared according to the general procedure using tert-butyl (1-tosylpent-4-en-1-yl)carbamate (67.8 mg, 200 µmol). Flash column chromatography (SiO 2 , 2.5-7.5-15% ethyl acetate in hexanes) yielded the α-bromo nitroalkane (1:1 dr ( 1 H NMR)) as a white solid (37 mg, 57%). The enantiopurity was measured from the corresponding debrominated nitroalkane and determined to be 86% ee by chiral HPLC analysis (Chiralpak AD, 10%
i PrOH /hexanes, 0.8 mL/min, t r (e 1 , major) = 7.6 min, t r (e 2 , minor) = 8.3 min); R f = 0. 154.8, 136.2, 136.1, 116.5, 116.4, 84.0, 82.8, 80.8, 80.7, 54.3, 53.8, 30.2, 29.8, 29.7, 29.5, 28.2, 28 ((2R)-1-bromo-4,4,4-trifluoro-1-nitrobutan-2-yl)carbamate (18) . Prepared according to the general procedure using tert-butyl (3,3,3-trifluoro-1-tosylpropyl)carbamate (75.0 mg, 200 µmol). Flash column chromatography (SiO 2 , 2.5-7.5-15% ethyl acetate in hexanes) yielded the α-bromo nitroalkane (1:1 dr ( 1 H NMR)) as a white solid (32 mg, 46%). The enantiopurity was measured from the corresponding debrominated nitroalkane and determined to be 91% ee by chiral HPLC analysis (Chiralpak AD, 10%
tert-Butyl
i PrOH/hexanes, 0.8 mL/min, t r (e 1 , major) = 7.8 min, t r (e 2 , minor) = 8. 
tert-Butyl ((2R,Z)-1-bromo-1-nitrooct-5-en-2-yl)carbamate (19). Prepared according to the general procedure using (Z)-tert-butyl
(1-tosylhept-4-en-1-yl)carbamate (73.4 mg, 200 µmol). Flash column chromatography (SiO 2 , 2.5-7.5-15% ethyl acetate in hexanes) yielded the α-bromo nitroalkane (1:1 dr ( 1 H NMR)) as a white solid (40 mg, 57%). The enantiopurity was measured from the corresponding debrominated nitroalkane and determined to be 88% ee by chiral HPLC analysis (Chiralpak AD, 10%
i PrOH/hexanes, 0.8 mL/min, t r (e 1 , major) = 6.7 min, t r (e 2 , minor) = 7. 154.9, 154.8, 133.9, 133.8, 126.3, 126.1, 84.0, 82.9, 80.7, 80.6, 54.4, 54.0, 30.9, 30.1, 28.2, 28.1, 23.3, 23.1, 20.50, 20.48, 14 .1(2); HRMS (ESI): Exact mass calcd for C 13 H 23 BrN 2 NaO 4 [M+Na] + 373.0739, found 373.0733.
tert-Butyl ((1R)-2-bromo-1-cyclopropyl-2-nitroethyl)carbamate (20).
Prepared according to the general procedure using tert-butyl (cyclopropyl(tosyl)methyl)carbamate (65.0 mg, 200 µmol). Flash column chromatography (SiO 2 , 2.5-7.5-15% ethyl acetate in hexanes) yielded the α-bromo nitroalkane (1:1 dr ( 1 H NMR)) as a white solid (31 mg, 50%). The diastereomers were determined to be 78 and 77% ee by chiral HPLC analysis (Chiralpak IC, 3% EtOH/hexanes, 0.8 mL/min, t r (d 1 e 1 , major) = 8.3 min, t r (d 2 e 1 , major) = 9.5 min, t r (d 1 e 2 , minor) = 10.4 min, 9, 154.8, 84.3, 83.4, 80.71, 80.66, 59.1, 58.4, 28.2, 28.1, 13.3, 11.6, 4.8, 4.6, 3.3 
tert-Butyl ((2R)-1-bromo-4-ethoxy-1-nitrobutan-2-yl)carbamate (21).
Prepared according to the general procedure using tert-butyl (3-ethoxy-1-tosylpropyl)carbamate (71.4 mg, 200 µmol). Flash column chromatography (SiO 2 , 10-20-30% ethyl acetate in hexanes) yielded the α-bromo nitroalkane (1:1 dr ( 1 H NMR)) as a white solid (25 mg, 37%). The enantiopurity was measured from the corresponding debrominated nitroalkane and determined to be 75% ee by chiral HPLC analysis (Chiralpak IA, 10% EtOH/hexanes, 1.0 mL/min, t r (e 1 , minor) = 6.5 min, t r (e 2 , major) = 7.9 min); R f = 0.25 (20% EtOAc/hexanes); IR (film) 3333, 2977, 1705, 1566 cm -1 ; 1 H NMR (600 MHz, CDCl 3 , 1:1 mixture of diastereomers) δ 6.34 (d, J = 2.6 Hz, 1H), 6.29 (d, J = 4.9 Hz, 1H), 5.28 (d, J = 8.4 Hz, 1H), 5.04 (d, J = 7.7 Hz, 1H), 4.50 (m, 1H), 4.40 (m, 1H), 4H), 4H) 154.9, 83.9, 82.1, 80.6, 80.5, 66.7, 66.5(2), 66.4, 53.5, 53.0, 31.2, 30.3, 28.2, 28.1, 15.0(2) 6, 155.8, 143.0, 140.8, 128.6, 128.5, 128.4, 127.3, 126.1, 126.0, 80.2, 53.9, 48.8, 33.3, 31.9, 28.2, 22.0 3, 155.8, 143.1, 128.6, 127.2, 126.0, 80.1, 52.9, 48.7, 40.5, 29.7, 28.2, 24.7, 22.8, 22.0 170.8, 154.6, 143.0, 133.1, 128.6, 127.3, 126.1, 126.0, 80.1, 53.9, 48.7, 31.5, 30.1, 28.2, 23.2, 20.5, 14 ((R)-1-cyclopropyl-2-oxo-2-(((S)-1-phenylethyl)amino)ethyl)carbamate (36) . Prepared according to the general procedure using tert-butyl ((1R)-2-bromo-1-cyclopropyl-2-nitroethyl)carbamate (27.8 mg, 90 µmol), DME (0.5 mL), H 2 O (8 µL, 450 µmol), (S)-α-methylbenzylamine (14 µL, 110 µmol), N-iodosuccinimide (2.0 mg, 9 µmol), K 2 CO 3 (37.3 mg, 270 µmol). Flash column chromatography (SiO 2 , 10-15-20% ethyl acetate in hexanes) yielded the desired amide as a white solid (14 mg, 49% 
tert-Butyl
tert-Butyl ((R)-4-ethoxy-1-oxo-1-(((S)-1-phenylethyl)amino)butan-2-yl)carbamate (37).
Prepared according to the general procedure using tert-butyl ((2R)-1-bromo-4-ethoxy-1-nitrobutan-2-yl)carbamate (23.9 mg, 70 µmol), DME (0.4 mL), H 2 O (6 µL, 350 µmol), (S)-α-methylbenzylamine (11 µL, 80 µmol), N-iodosuccinimide (1.6 mg, 7 µmol), K 2 CO 3 (29.0 mg, 210 µmol). Flash column chromatography (SiO 2 , 20-30-40% ethyl acetate in hexanes) yielded the desired amide as a white solid (14 mg, 61%). The amide was determined to be 8:1 dr by HPLC analysis (Chiralpak AD-H, 10%
i PrOH/hexanes, 1 mL/min, t r (d 1 , minor) = 9.7 min, t r (d 2 , major) = 12.2 min); R f = 0.21 (30% EtOAc/hexanes); [ ] 20 -5.9 (c 1.25, CHCl 3 ); IR (film) 3299, 2975, 2930, 2869, 1693, 1656 cm -1 ; 1 H NMR (600 MHz, CDCl 3 ) δ 7.33-7.23 (m, 5H), 6.92 (br s, 1H), 5.73 (d, J = 6.7 Hz, 1H), 5.10 (br s, 1H), 4.23 (br s, 1H), 3.57-3.40 (m, 4H), 2.02 (q, J = 5.5 Hz, 2H), 1.48 (d, J = 6.9 Hz, 3H), 1.44 (s, 9H), 1.14 (t, J = 6.9 Hz, 3H); 13 C NMR (150 MHz, CDCl 3 ) ppm 170.7, 155.8, 143.2, 128.6, 127.2, 126.0, 79.8, 68.0, 66.5, 53.3, 48.7, 32.2, 28.3, 21.9, 15 
Synthesis of Tripeptide
tert-Butyl ((2R)-1-bromo-4,4-dimethyl-1-nitropentan-2-yl)carbamate (8). To a flame dried flask equipped with a stir bar was added N-benzyl quininium chloride 2 (151 mg, 340 µmol), tert-butyl (3,3-dimethyl-1-tosylbutyl)carbamate (1.00 g, 2.80 mmol), toluene (9.0 mL), nitroethane (2.00 mL, 28.0 mmol), and bromonitromethane (308 µL, 4.20 mmol) and the reaction was cooled to -50 °C . CsOH•OH (612 mg, 3.60 mmol) was added and the reaction was stirred for 96 h. The mixture was quenched with 1 M HCl and extracted with dichloromethane. The organic phase was washed with 1 M HCl, dried and concentrated. The resulting solid was purified by flash column chromatography (SiO 2 , 2.5-7.5-15% ethyl acetate in hexanes) to provide the α-bromo nitroalkane (1:1 dr ( 1 H NMR)) as an off-white solid (525 mg, 55%). The diastereomers were determined to be 90 and 90% ee by chiral HPLC analysis.
tert-Butyl ((R)-4,4-dimethyl-1-oxo-1-(((S)-1-phenylethyl)amino)pentan-2-yl)carbamate (24). To a flask equipped with a stir bar was added tert-butyl ((2R)-1-bromo-4,4-dimethyl-1-nitropentan-2-yl)carbamate (1.00 g, 2.95 mmol), DME (15 mL), H 2 O (270 µL, 14.8 mmol), (S)-α-methylbenzylamine (470 µL, 3.54 mmol). The reaction was cooled to 0 °C . K 2 CO 3 (1.22 g, 8.85 mmol) and N-iodosuccinimide (66.4 mg, 295 µmol) were added and the reaction mixture was placed under an O 2 atmosphere and stirred for 24 h. The mixture was quenched with 1 M HCl and extracted with dichloromethane. The organic phase was washed with sat. Na 2 S 2 O 3 , dried and concentrated. The resulting solid was purified by flash column chromatography (SiO 2 , 10-15-20% ethyl acetate in hexanes) yielded the desired amide as a white solid (585 mg, 57%). The amide was determined to be 20:1 dr by HPLC analysis.
(R)-2-Amino-4,4-dimethyl-N-((S)-1-phenylethyl)pentanamide (43).
To a flask equipped with a stir bar was added tert-butyl ((R)-4,4-dimethyl-1-oxo-1-(((S)-1-phenylethyl)amino)pentan-2-yl)carbamate (100.9 mg, 290 µmol) and 4M HCl•dioxane (1 mL). The mixture was stirred for 30 minutes and then concentrated. The resulting solid was dissolved in dichloromethane and washed with sat. NaHCO 3 . The organic layer was dried and concentrated to afford the desired free amine (70 mg, 97% yield). The product was carried on without further purification.
